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Abstract 
In this study the Surface layer (S-layer) protein was extracted from Aeromonas hydrophila 
bacteria ,the humoral immune response that induced by S-layer protein only or as adjuvant was investigated  
by using 16 males New Zealand rabbits and divided into four groups, each group contained four rabbits, the 
first group was immunized with  S-layer protein only, the second group was immunized with heated killed 
antigen(HKA)of Sallmonella typhi only, the third group was immunized with mixed antigens (S-layer+ 
HKA),while the fourth group considered as control group and immunized with normal saline. The HKA of 
S. typhi  was used to evaluate the efficiency of S-layer protein as adjuvant. After the immunization period, 
the humoral immune response was investigated by several tests include, tube agglutination test and passive 
agglutination test that used to detect the antibody titer. Biuret method was used to determine the total 
protein concentration in serum  samples and total protein concentration of secretory immunoglobulin that 
extracted form appendix samples. In addition the Radical Immunodiffution (RID)  method was used to 
detect the concentration level of the IgG in serum samples. Moreover the concentration level of the CD4 in 
the serum samples was determined by enzyme linked immunosorbent assay (ELISA) method .In all these 
tests the result revealed, both of S-layer protein only , HKA of only and mixed antigens(S-layer+ HKA) 
were given significantly increased in comparison with control group at P<0.05. The result showed that the  
concentration level of IgG with mean values (2365.5 , 3505 and 2916) mg/dl respectively  while the control 
group with mean value (1662)mg/dl. In addition the concentration  level of CD4 molecule with mean 
values (9.37, 11.77 and 17.36) ng/ml respectively while the control group with mean value (6.91) ng/ml 
.The results showed that these three types of antigens induced the humoral immune response . 
Key words: humoral immune response, surface layer protein, immune adjuvant. 
ةصلاخلا 
   ايرتكب نم ةينتوربلا ةيحطسلا ةقبطلا صلاختسا ةساردلا هذى يف مت  Aeromonas hydrophila ةباجتسلاا نع يرحتلا مت دقو
 ةيحطسلا ةقبطلا نيتورب ةطساوب ةزفحملا ةيومخلا ةيعانملا يعانم دعاسمك وا هدحولمادختساب 6;  لك عيماجم ةعبرا ىلا تمسق بنرا
 تمضت وعومجم9 ,طقف ةيحطسلا ةقبطلا نيتوربب ىلولاا ةعومجملا نقح مت ثيح, بنارا  لوتقملا دضتسملاب تنقح دقف ةيناثلا ةعومجملا اما
ايرتكبمل  S. typhi  جمدملا دضتسملاب تنقح دقف ةثلاثلا ةعومجملاو, طقف اما, لوتقملا دضتسملاو ةيحطسلا ةقبطلا نيتورب نم نوكملا
 ومحملاب تنقح دقف ةعبارلا ةعومجملاةرطيسك تربتعاو يجمسفلا يحمملا ل,  ةقبطلا نيتورب ةءافك ميقتل لوتقملا دضتسملا مادختسا مت و
عانم دعاسمك ةيحطسلا., ةيطمخلا ةيعانملا ةباجتسلاا نع يرحتلا مت عينمتلا هدم ءايتنا دعبو  رشابملا نزلاتلا ,تاصوحف ةدع للاخ نم
ملا تانيع يف يمكلا نيتوربلا زيكرت ريدقتل تيروياب ةقيرط مادختسا متدقو .دادضلاا ةيرايع ريدقتل لعفنملا يومدلا نزلاتلاو بيبانلأابلص 
 ومكمل يمكلا نيتوربلا زيكرتو.ةدئازلا تانيع نم صمختسملا يزارفلاا يعانملا نيلويب  راشتنلاا ةقيرط مادختسا مت دقف كلاذ ىلا ةفاضلإاب
 يعانملا نيلويبومكلا زيكرت ريدقتل يعانملاIgG زيكرت ريدقتل ميزنلأاب طبترملا يعانملا زازتملاا ةينقت مادختسا مت اضياو ,لصملا يفCD4 
كل جئاتنلا تنيب دقو ,لصملا يف ايرتكبمل لوتقملا دضتسملا , طقف ةيحطسلا ةقبطلا نيتورب نم لك نا تاصوحفلا ل S. typhi  طقف
ةيلامتحا ىوتسم ىمعو ةرطيسلا ةعومجم عم ةنراقملاب ةيونعم ةدايز تطعا دق جمدملا دضتسملاو P<0.05 زيكرت ناك دقف   IgG لدعمب
(78;:.:, 8:5:mg/dl (2916,ع ةعومجم امنيب يلاوتلا ىملدعمب ةرطيسلا 1662)) mg/dl  زيكرت ناك دقو, 
CD4لدعمب)7.8<7,66.< 17.36,) ng/ml لدعمب ةرطيسلا ةعومجم امنيب6.91) ng/ml)  هذى نا اضيا جئاتنلا تريظا دقو
دق ةثلاثلا تادضتسملا ةيطمخلا ةيعانملا ةباجتسلاا تزفح. 
ا تاممكلاةيحاتفمل: ةيعانملا ةباجتسلاا ةيطمخلا نيتورب, .يعانم دعاسم ,ةيحطسلا ةقبطلا 
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Introduction 
 S-layer protein are monomolecular arrays made up of a single protein species and 
represent the simplest biology membrane developed during evaluation,S-layer composed 
the outer most layer of the cell envelope of prokaryotic (archea and bacteria) (Sleytr et 
al., 2001). S-layer protein are produced by a number of pathogenic bacteria like A. 
hydrophila , A. veronii biotype sobria, A. salmonicida and Campylobacter fetus 
(Thompson, 2002).S-layer are generally composed of subunits of a single protein species. 
The S-layer is clearly an important virulence factor. The surface location and high copy 
number of the S-layer protein subunits also mean that the S-layer subunit protein is a 
major surface antigen (Dubreuil et al.,1990). While little is known concerning the 
antigenic structure of S-layers, in the case of the facultative intracellular pathogen A. 
salmonicida have S-layer proteins which are antigenically conserved (Kay et al.,1984). In 
contrast, a single strain of the extracellular pathogen C. fetus has the capacity to produce 
S-layer proteins of different antigenicities (Dubreuil et al.,1990). These C. fetus proteins 
also differ in their subunit molecular weights. S-layer-producing strains of A. hydrophila 
and A. veronii biotype sobria have the tetragonally arranged S-layers produced by these 
motile aeromonads. The antigenicity of the S-layers produced by pathogenic strains of A. 
hydrophila and A. veronii biotype sobria and report a third antigenic strategy of S-layer 
producing bacteria, while these S-layer-producing motile aeromonads all belong to a 
single lipopolysaccharide serogroup, and their S-layer proteins have similar subunit 
molecular weights (52kDa), the S-layer proteins display both NH2- terminal amino acid 
sequence diversity and antigenic diversity(Kostrizynska et al.,1992). One of the most 
relevant areas of research in nanobiotechnology is the technological utilization of self-
assembly systems the natural assembly of S-layers into large regular arrays endows them 
with immune-stimulating and intrinsic-adjuvant properties(Hollmann et al.,2010) 
S-layer carrier conjugates are superior vaccine carriers because they elicit DTH 
and immune protective antibody responses without the use of extraneous adjuvants and 
they can be administered by several different immunization routes (intramuscular, 
subcutaneous, nasal/oral), and they are immunological unique, which means that 
antibody and delayed-type hypersensitivity responses to each S-layer are specific and not 
cross-reactive (Sleytr et al., 2014). 
Material and methods 
Preparation of antigens 
Heat killed whole cell bacterial antigens was prepared according to the method 
described by(Agren et al., 1998). 
 S-layer protein with concentration (1mg/ml) that was used in this study as 
antigen was prepared as the followed: it was extracted from A.hydrophila isolates  
according to the method of (Ray and Johnson, 1986) by using sodium dodecyl sulphate( 
SDS 0.05%) solution A.hydrophila isolate was reactivated, then 1ml of bacterial 
suspension was added to tryptose soy broth and incubated at 37ºC for 24hrs.Then the 
bacterial cells were collected by centrifugation at 6000 rpm for 10 min. The pellet of cells 
was suspended by phosphate buffer solution pH(7) and washed 3 times by centrifuge at 
6000 rpm for 15 min. Then the pellet was suspended by 5 ml SDS 0.05% solution and 
incubated for 10 min at 37ºC .Then the bacterial suspension was centrifugation at 12000 
rpm for 15 min at 4ºC ,the supernatant represent the crude extraction(CE) was used and 
kept in refrigerator at  4ºC .After that, it was precipitated from crude extraction (CE) 
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according to the method of (Harris, 1989) by using ammonium sulfate with saturation 
ratio 80%. The purified S-layer protein concentration was measured by Bradford method 
(Bradford, 1976).It is molecular weight was determined by SDS- Poly acrylamide gel 
electrophoresis (SDS-PAGE) according to the method of (Laemmli, 1970). 
While mixed solution (S-layer protein +HKA) antigen was prepared by mixing 
equal amount of S-layer protein of A.hydrophila bacteria at concentration of 1mg/ml with 
Heated killed Antigen (HKA) of S. typhi bacteria at concentration of (9×10
8
 CFU/ml). 
Laboratory animals 
 In this study, Oryctylagus conniculus rabbits were used at age 3-5 mounths and at 
weight 1-1.5 kg .sixteen adult males rabbits (16)were used to detect immune response for 
antigens, they were divided into four groups, each group composed of four rabbits and it 
was kept in cages specialized for animals in laboratory animal house and left there for 
two weeks for adaptation with consideration of use clean food and water for animals 
during the period of experiment (Schneider et al., 1990). 
 
Immunization program 
Table (1) The Immunization program 
Type of antigen S-layer protein 
of A. hydrphila 
only 
Heated killed 
antigen of S. typhi  
only 
Mixed antigens (S-
layer protein of A. 
hydrphila +HKA of  
S. typhi) 
Normal saline 
 
No.  of animal 
 
4 
 
4 
 
4 
 
4 
 
Concentration of 
antigen 
 
1 mg/ml 
 
9×10
8
 cell/ml 
(S-layer protein 
Con.1mg/ml +HKA 
Con. (9×10
8
 cell/ml)). 
 
0.85% 
No. of  doses One dose each 
week for 3 
weeks. 
One dose each week 
for 3 weeks. 
One dose each week for 
3 weeks. 
One dose each 
week for 3 
weeks. 
 
 
 
 
Dose 
 
 
First 
week 
0.5ml Ag with 
0.5 of Freund’s 
complete 
adjuvant 
0.5ml Ag with 0.5 of 
Freund’s complete 
adjuvant 
0.5ml Ag with 0.5 of 
Freund’s complete 
adjuvant 
1ml 
Second 
Week 
 
1ml 
 
1ml 
 
1ml 
 
1ml 
Third 
week 
1ml 1ml 1ml 1ml 
 
 
 
 
Administrations 
method 
0.25 ml right 
intramuscular 
0.25 ml right 
intramuscular 
0.25 ml right 
intramuscular 
0.25 ml right 
intramuscular 
0.25 ml left 
intramuscular 
0.25 ml left 
intramuscular 
0.25 ml left 
intramuscular 
0.25 ml left 
intramuscular 
0.5 ml 
subcutaneous 
0.5 ml subcutaneous 0.5 ml subcutaneous 0.5 ml 
subcutaneous 
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Tube agglutination and passive haemagglutination test  
These tests were used to investigate the presence of antigenicity properties of 
immunoglobulin in serum and in secretory immunoglobulin of appendix against S-layer 
protein ,HKA only and mixed antigens (S-layer protein +HKA)(Garvey et al., 1977). 
Measurement of total protein concentration  
This test was done by Biuret method by using  kite  provided by manufactory 
company (Biolabo, France). 
Determine the level of IgG by radical immunodiffusin (RID) 
In this test the concentration of immunoglobulin (IgG) in the sera of immunized 
rabbits was determined by using radical immunodiffusion plate that was supplied with 
kit, according to the method of (Mancini et al,1965). 
Determines the level of CD4 molecule test 
 In this study, the concentration of CD4 molecule in the serum of immunized 
animals was detecting by enzyme linked immunosorbent assay (ELISA) method. This 
test was done according to the methods recommended by Manufacture Company 
(Elabscience). 
Statically analysis 
 Data were processed and analyzed by using Anova one way, and the Least 
Significant Difference (LSD) was used to determine the significant difference between 
the different factors in the tests  by using the using statistical program SPSS 19 statical 
program and the results were expressed (Mean±S.D). P-Values below 0.05 were 
considered to be statistically significant (George et al., 2011). 
Results and discussion  
Antibody titer 
A- Systematic antibody titer 
The results of these tests of the systematic antibody titer in serum samples were 
showed in the table(1) that the rabbit groups immunized with S-layer only, HKA only 
and mixed antigens had given the same systematic antibody titer with mean value (5120) 
and these results show that S-layer protein only was given high systematic antibody titer 
in compared with control and this indicated that the S-layer protein induced immune 
response and this is agreement with the result that obtained  from  other study 
(Kokka et al.,1992)  that mention 1mg of purified S-layer protein of A. hydrophila induce 
immune response in the new Zeeland rabbits and produced polyclonal antibodies which 
were genospecific, reacting only against S layers produced by A. hydrophila strains and 
not those from A. veronii .The results also reveal that the rabbits group immunized with 
HKA only was given higher systematic antibody titer in compared with control and this 
agree with the finding that obtained by other study (Hosny et al.,2015) that mention the 
antibody response to heat killed whole cell antigen of S. typhi immunization in mice was 
significantly higher than control group. In additional the rabbit group immunized with 
mixed antigen was given higher systematic antibody titer  in compared with control and 
this agree with the results that obtained by other study (Malcolm et al.,1993) when the 
oligosaccharide(one to eight repeat unit) derived from type 8 capsular poly saccharide of 
Staphylococcus pneumonia were coupled to non-cross linked to S-layer protein from 
Bacillus alvei CCM 2051 and injected into the mice, the conjugates comprising relatively 
small oligosaccharide haptens elicited good antibody responses as determined by enzyme 
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immunoassay. Serum from the mice thus immunized had immune protective properties as 
revealed in a serum of mice immunized with heated killed Staphylococcus pneumonia . 
 
Table(1) The systematic antibody titer in serum samples of rabbit groups 
immunized with different type of antigens. 
Type of antigen No. of animals systematic antibody 
titer 
Mean ± S.D 
S-layer of A. hydrophila  only 4 5120 
HKA of  S. typhi  only 4 5120 
Mixed antigens (S-layer+HKA) 4 5120 
Control 4 20 
 
B- Mucosal antibody titer 
The results of these tests  of  the mucosal antibody titer in appendix samples  
show in the table(2) that the rabbit groups immunized with S-layer only, HKA only and 
mixed antigens had given the same mucosal antibody titer with mean value(512)  and it 
was higher than the mucosal antibody titer of control group with mean value(2). This 
result agree with the result of other study (Beganovic´ et al.,2011) that reported the  
Swiss albino mice group immunized with purified S-layer protein  of Lactobacillus 
helveticus M92 was given high level of S-IgA in compared with control, in addition  the 
mice that immunized with mixed antigen composed of L. helveticus M92 and Salmonella 
typhimurium FP1 cells was given also high level of S-IgA in compared with control.  
 
Table(2) The mucosal Antibody titer in appendix samples of rabbit groups 
immunized with different type of antigens. 
Type of antigen No. of 
animals 
mucosal Antibody     titer 
Mean ± S.D 
S-layer of A. hydrophila  only 4 512 
HKA of  S. typhi  only 4 512 
Mixed antigens (S-layer+HKA) 4 512 
Control 4 2 
 
Total protein concentration 
A -Total protein concentration in serum samples 
The results show in the table(3)that there was significant increase in the total 
protein concentration in serum samples of the rabbit groups immunized with S-layer 
only, HKA only and mixed antigens with mean value (69.50, 77.30 and 72.32)g/L 
respectively in compared with control group with mean value (42.25) g/L at P<0.05 this 
agree with the finding of  other studies (O’Brien et al.,2005) that mention that the 
purified S-layer protein of the clinical isolates of Clostridium difficile induced the 
humeral immune response and there was increased in the antibody titer of the serum 
sample of the rabbit that immunized with it.(Konstatinov et al. 2008) found that 45 kDa 
S-layer protein A from the surface of L. acidophilus was involved in the regulation of 
immature dendritic cells (DC) as well as cytokine production. The cellular contacts of 
DCs and L. acidophilus involve interactions between dendritic cell-specific intercellular 
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adhesion molecule (ICAM)-3-grabbing nonintegrin (DC-SIGN), a DC specific receptor 
DC-SIGN, and S-layer protein A, the dominant protein expressed by L. acidophilus 
 
Table (3) The systematic total protein concentration in serum samples of the rabbit 
groups immunized with different type of antigens. 
 
Type of antigen 
No. of 
Animals 
Protein Con. in serum 
g/ml 
Mean ± S.D 
S-layer of A. hydrophila only 4 69.50 ±5.43* 
HKA of  S. typhi only 4 77.30 ±7.36* 
Mixed antigens (S-layer+HKA) 4 72.32 ±4.87* 
Control 4 42.25 ±3.30 
L.S.D(0.05) = 8.39   
*Significant difference with control at P˂(0.05). 
B- Total protein concentration in appendix samples 
The results show in the table(4)that there were significant increase in the total 
protein concentration of secretory immunoglobulin in appendix samples of the rabbit 
group immunized with S-layer only, HKA only and mixed antigens with mean value 
(63.30, 78.22 and 69.20)g/L respectively in compared with control group with mean 
value (45.87) g/L. This is agree with the fining of other study (Grogono-Thomas et 
al.,2003) that  mention the S-layer protein induce  the mucosal antibody response and he 
had used pregnant ewes (sheep) as modal animal experimental and immunized with wild 
type Campylobacter fetus subsp. fetus  that expressed S-layer protein  which caused 
abortion in the ewes, then it was challenged sub subcutaneously with wild type C . fetus  
that led to increase the level of S-IgA in the bile ,urine and milk. 
 
Table(4)The local total protein concentration in appendix sample of the rabbit 
groups immunized with different type of antigens 
 
Type of antigen 
No. of 
Animals 
Protein Con.in appendix g/ml 
Mean ± S.D 
S-layer of A. hydrophila only 4 63.30 ± 3.87* 
HKA of  S. typhi only 4 78.22 ± 3.43*ᶿ 
Mixed antigens (S-layer+HKA) 4 69.20 ± 2.11*ᶿ^ 
Control 4 45.87 ± 3.22 
L.S.D(0.05) =4.974   
*Significant difference with control at P˂(0.05). ᶿ Significant difference with S-layer only 
at P˂(0.05).^ Significant difference with HKA only at P˂(0.05). 
 
The concentration level of IgG immunoglobulin 
The results show in the figure (5) that there were significant increase in the  
concentration level of IgG in the rabbit immunized with S-layer only ,HKA only, mixed 
antigen which were given mean values (2365.5 , 3505, 2916) mg/dl in compared with 
control group with mean value (1662)mg/dl at P<0.05. 
 The result revealed that the rabbits  immunized with S-layer only was given 
significant increase in the concentration level of the IgG in compared with control, this 
agree with the finding of other study (Beganovic´ et al.,2011) that mention  when the 
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mice immunized with the purified S-layer protein that extracted from L. helveticus M92 
cells induced the immune response and the level of IgG, IgM and IgA antibodies were 
significantly higher in comparison to the levels of these antibodies in the control group of 
mice and in the group of mice immunized with L. helveticus M92 cells either with or 
without S-layer protein. 
On the other hand the rabbits immunized with  HkA only were given also 
significant increase in the concentration level of the IgG in compared with control, this 
agree with the results of other study (Yousif  and Abd-Alkareem,2012) that mice  had 
immunized  subcutaneously with o.5ml of  the somatic antigen (prepared by heat 
inactivation of Salmonella ohio) containing 1×108CFU the level of the IgG was 
significantly increased in compared with control  at 2, 4, and 6 weeks in the immunized 
group post booster dose, and the maximum increase of antibody titers was determined at 
fourth weekIn addition the rabbits immunized with mixed antigen were given also 
significant increase in the concentration level of the IgG in compared with control, this 
agree with the results of other study (Malcolm et al.,1993) that the rabbits had immunized 
with conjugate vaccine composed of oligosaccharide  of Streptococcus pneumonia that 
coupled with S-layer of Paenibacillus  alvei was given high level of IgG in compared 
with control, and the oligosaccharide alone elicited the level of IgG response somewhat 
below the  conjugate vaccine, but in the present study there was no significant difference 
between the mixed antigen in compared with HKA and S-Layer . 
 
Table(5) The mean of the concentration level of IgG in serum samples in rabbit 
groups immunized with different type of antigens. 
 
Type of antigen 
No. of 
Animals 
IgG con.mg/dl 
Mean ± S.D 
S-layer of A. hydrophila only 4 2365.5 ±360.22* 
HKA of  S. typhi only 4 3505 ±341.56*ᶿ 
Mixed antigens (S-layer+ HKA) 4 2916 ±642.51* 
control 4 1662±159.83 
L.S.D(0.05) = 637.5   
*Significant difference with control at P˂(0.05). ᶿ Significant difference with S-layer only 
at P˂(0.05). 
  
The concentration level of CD4 molecule 
The results revealed as shown in the table (6)that there were significant increase 
in the concentration  level of CD4 molecule in the rabbit groups immunized with S-layer 
only, HKA only and mixed antigen with mean values (9.37, 11.77 and 17.36) ng/ml 
respectively, in compared with control group with mean value (6.91) ng/ml at P<0.05 this 
is may  indicate that the S-layer and mixed antigen take by phagocyte cell (antigen 
presenting cell) and presented by MHC II to CD4 T Cell (Th). This result agree with the 
finding of other study (Sleytr et al.,2014)  that mention in cultures of peripheral blood 
mononuclear cells, both S-layer protein and (S-layer/Bet v 1) conjugate (but not rBet v 1) 
stimulated the production of high levels of IL-12, a pivotal mediator of Th1 responses. In 
addition, rabbits immunized with HKA only had significant increase the concentration 
level of CD4in compared with control, this agree with the finding of other study 
(Bergman et al.,2005)that reported CD4T-cell responses are an essential component of 
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immunity to Salmonellae. While the  rabbits immunized with mixed antigen had 
significant increase in the concentration  level of CD4 molecule in compared with rabbits 
immunized with HkA only this may be that the mixed antigen had more antigenicity than 
the HKA only. 
 
Table (6)The CD4molecule in rabbit groups immunized with different type of 
antigens. 
 
Type of antigen 
No. of animals CD4(ng/ml) 
Mean ± S.D 
S-layer of A. hydrophila only 4 9.37 ± 0.65* 
HKA of  S. typhi only 4 11.77 ± 2.06*ᶿ 
Mixed antigens (S-layer+HKA) 4 17.36 ± 0.85*ᶿ ^ 
Control 4 6.91 ±0.31 
L.S.D(0.05) =1.794   
*Significant difference with control at P˂(0.05). ᶿ Significant difference with S-layer only 
at P˂(0.05).^ Significant difference with HKA only at P˂(0.05). 
 
Conclusions 
Immunization by S-layer protein only or as adjuvant induce humoral immune 
response 
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